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CONSIDERATIONS FOR THE INSTALLATION OF AN INDUCTIVELY COUPLED P.ASMA FOR THL
ANALYSIS OF RADIGACTIVE SAMPLES*

C.T. APEL and D.L. GAL! MORE

Group CHM-1, MS-G740, Los Alamos National Laboratory, Los Alamos, New Mexico
87545

ABSTRACT

The sensitivity, dynamic range, and sample through-put rate attrihutes
(ref.1,2) of the inductively coupled plasma (ICP) call for its consideration as
the instruwent of choice for the multielement analysic of radioactive samples.

Based on cur experience in handling radioactive materials, considerations will
be presented concerning safety of the operator, modularity of tne I1CP-atomic
enission spectrometer systems, veduction of the complex actinide spectra, atcm-
ization systems, drain and recovery systems, aerosol containment, heat dissipa-
tion, radiolysis effects of sample on dry-box enviromment, and liquid and sclid
sam1ling.

INTRIDUCTION

A review by Faires (ref.3) describes many of the attributes of the I"P which
make it a valuable tool to be included in the analytical chemist's kit. Its
demonstrated reliability makes it economically feasible to consider the ICP for
the multielement analysis of radioactive samples in spite of the problems of
containment and opcrator safety. ICP-atomic emission spectrometry (ICP-AES) has
found favor in nuclea: applications at European installations such as Karlsruhe
and Grenoble (ref.4). tLomi (ref.5) developed one of the first ICP-AES systems
for the multielement analysis of radioactive solutions in the Unitea States.
Floyd et al. (ref.6) demonstrated the necessity of separating uranium from the
analyte to reduce the interference effects from its compiex spectra on the
determination of trace elements with ICP-AES. Fassel and Edelson (ref.7) have
discussed aeroscl containment and heat dissipation.

OUR EXPERIENCE AND PLANS

Manning concerrning glove box design and work must be done carefully. Once
the systems are inaugurated and contaminated with radioactive material, analysts
may become locked in on methods (because of the expense and safety hazards in-
volved with major modifications) for decades or longer. it is important for the
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planner to consider all possible parameters and options and for the final design
to be as flexible as possible.

Operator safety must be considered. The maximum permissible body burden for
239Pu is 0.65 pg (ref.8). For samples with B-y radiation, shielding must be
provided. Our glove box plans call for the enclosure to be constructed from a
stainless steel - lead - stainless steel sandwich. Operator windows will be of
leaded glass. Optical shielding will be incorporated to provide protection from
the intense uv radiation of the ICP to-~ch. Protection from rf radiation ard
electric shock will also be provided. Equipment installed in the box should be
easily accessed, easily repaired, and have no sharp edges.

Modularity of instrumentation is dictated by the high cost of ICP-AES equip-
ment. A1l electronic and optical equipmeni possible should be kept outside the
giove box environment to permit easy and economical repair and to provide pro-
tection from radiolysis. Only tbe torch, nebulizer, spray chamber, and drain
system should be located in *he glove box.

Reduction of the complex actinide spectra (Fig. 1) must be accomplished by
separation of the actinide from the analyte before its introduction to the ICP.
This also eases the performance demands on the aerosol containment system.

A block diagram of our corception of an IfP light source glove box is shown
(Fig. 2).

Atomization systems should include the capability for routine solution
sampling, limited volume sampling for sequential scanning, slurry analysis, and
high dissolved solids sampling. A nebuli.~r - sprav chamber - torch system
alternative for the analysis of HF stabilized solutions will be included.

Waste radfoactive solutions will be recovered frcm the drain trap by the use
of a peristaltic pump to remove excess solution from the drain trap and transfer
it to a residue bottle.

Aeroscl containment will be accompiishea through the use of 2asily removable
filter cartridges. Frequent filter changing will prevent the build up of pen-
etrating radiation in the arca of the operator's upper body and head, and will
assure free exhaust flow to eas> heat dissipation from the ICP torch effluent
gas.

Hoat dissipation will be accomplished with a heat exchanger sftuated between
the tor~h and the filter. It should be easily demounted for cleaning and con-
tain an easily replaceable liner.

High a-emitting samples such as 238

Pu create radiolysis problems by collisions
of a-particles with glove box construction materials and environmental gas mole-
cules creating highly excited fons which accelerate corrosion of equipment situ-
ated inside the glove box. Chlorinated and fluorinated plastics should be
avoided. Even air and water vapor in the box are known tuv cause problems {in the

presence of 238Pu.
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Fig. 1. ICP rrectra of: bottom - 0.1 M HNOy, Middle - Cu 10 ug/m2, Top - U
100 pg/me. Range 200 (left) to 4UC nm (rignt).

Solid sampling must be considered, as well as liquid sampling, because the
majority of samples encountered by emission spectrochemists are solid samples.
Apparatus will be included for solid sampling such as lasaer ablation, slurry
handling, and an auxilliary arc capable of hi:gh current dc-arc or controlled
waveform spark source (CWS>) excitation.

Versatility will be achieved (Fig. 3) by including in the glove box system a
second polychromator with exit slits optimized for dc-arc and spark lines and
capable of time-reso'ved recording of the spactra from the -uxilliary arc, a
balance box, a wet chemistry box, a storage box for contaminated instrumentation
and equipment, and a glove box for the development of sutomated metliods such as
I.igh pressure liquid chromatography and flow injection analysis.

CUNCLUSION
Careful planning and proper materials selection can lead to a very effective
system for the ICP-AES analyses of radioactive solutirns and solids. Adequate



POLYCHROMATOR —¥ comPUTER
dc ARC SPARK 'I—j
lEXHAUST'
T L WINDOW L
: ‘_JE—J FILTER
| CARTRIDGE
| L
: | | o
3| AUTOSAMPLER -—T——EXCHANGER POLYCHROMATOR
® | Neesucil?;%snori l;; and
o | OPTICAL ol SEQUENTIAL
Z || SYSTEM iNEBUUZER SHIELD z SCANNING
.3 | ¥ MONOCHROMATOR
I
m .
'  —
g SPRAY ICP
3| CHAMBER fORCH FEED MATCHING ICP
| THRU NETWORK POWER
| ¥ SUPPLY
: DRAIN || PERISTALTIC
| TRAP PUMP
! [FEED THRU WiNGOW]  TO RESIDUE BOTTLE &— i

X

POWER SUPPLY L ASER - J
50 amp dc POWER
and SUPPLY
CWSS -

1 I—

Fig. 2. Light source glove box.

protection can be provided tc both the operators and the envirunment. Finally,
careful layout of the glove box train and spectrometer complex can permit the
concurrant operations of routine sample analysis J.'{ advanced methods develop-
ment - operations which are usually mutually exclusive.
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Fig. 3. Equipment and glovebox layout (top view).
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